Electron microscopic localization of calcium-containing mitochondria in stratum radiatum of CAI of hippocampal slices was performed after (1) low-frequency stimulation, (2) high-frequency stimulation, and (3) blocking N-methyl-o-aspartate (NMDA) receptors during high-frequency stimulation. Dendritic mitochondria containing Ca deposits were found in a narrow band of stratum radiatum 280-350/~m distant from stratum pyramidale. Axonal mitochondria containing Ca deposits were evenly distributed in stratum radiatum. The total number of calcium containing-mitochondria was highest in long-term potentiated slices, and less in slices treated with APV; the lowest values were obtained with low-frequency stimulation.
High-frequency stimulation induces a persistent increase of synaptic efficacy in hippocampal neurones, termed long-term potentiation (LTP) [2] . Among the factors responsible for LTP the role of calcium ions [1, 15] , and of N-methyl-D-aspartate (NMDA) receptors [3, 6] have been emphasized. Postsynaptic Ca 2+ uptake has been shown to be coupled to the activation of NMDA receptors [5, 12] , and the blockage of NMDA receptors by the selective antagonist D-2-amino-5-phosphonovalerate (APV) prevents the induction of LTP [3, 4] . The aim of the present experiments, based on our previous studies [10, 13, 14] was to reveal a relationship between the NMDA-mediated induction of LTP and mitochondrial Ca-accumulation.
The physiological protocol to induce and control LTP has been described earlier [10] . Briefly: transverse hippocampal slices (400-500 am) were prepared from right hippocampi of adult guinea pigs (450-600 g b.wt.) and incubated at room temperature in a medium containing in mM: NaC1 124, KC1 5, NaH2PO4 1.25, MgSO4 2, CaCl2 2, NaHCO3 26, and glucose 10 and gassed by O2/CO2 (95/5%) (pH 7.35-7.40). Single slices were then transferred to the recording chamber and kept at 35 + I°C. The stimulating electrode was positioned in the Schaffer collateral/commissural pathway near the CA3/CA 1 border. Control stimuli were given at 0.125 Hz, high-frequency stimulation (10 trains of 20 stimuli at 100 Hz in 8 s intervals) was applied at the same stimulus intensity. Recording electrodes were positioned in stratum pyramidale (str.pyr.) and in stratum radiatum (str.rad.); control responses were stored on a laboratory computer. APV (final concentration 200/tM) was applied 30 min before and switched off 5 min after high-frequency stimulation. After high-frequency stimulation slices were stimulated for 1.5 h at low frequency. Slices were then transferred in a fixative containing CaCI2 (10 mM) and processed for electron microscopy according to the calcium inclusion procedure [13] . Sections were placed onto single-slot grids, stained with lead citrate, and traced at 6000 × instrumental magnification. The distribution of axonal and dendritic mitochondria containing electron dense deposits (EDDs) was mapped in str.rad, of CA1 ( Fig. 2) between the stimulating and recording electrodes, by using a computer fitted to the electron microscope (EM) to read and store the position of the specimen during examination.
The calcium inclusion procedure [13] yielded round shaped uniform EDDs in mitochondria (Fig. la, b) . The calcium content of the EDD's was proven by electron spectroscopic imaging (ESI) and electron energy loss spectroscopy (EELS) (Fig. lc-e) . During analysis of a series of differently treated slices, sections with the same thickness were used, since the number of recognized EDD-containing mitochondria was The total number of EDD-containing mitochondria depends on the thickness of the section. CONT, low frequency stimulation; APV, treatment with AVP during high-frequency stimulation; LTP, LTP induced by high-frequency stimulation; n, absolute number of counted EDD-containing mitochondria in the respective compartment; axonal, dendritic, investigated compartments; total, total number of counts in a series; %, absolute values given as percentage of the total number of EDD-containing mitochondria in the series. affected by the section thickness (Table I ). The total number and the distribution of mitochondria containing EDD's changed according to the physiological manipulation. The highest concentration of loaded mitochondria was obtained after induction of LTP. The amount dropped to about half if the NM DA receptors were blocked during high-frequency stimulation. In low-frequency-stimulated slices the total number of loaded mitochondria dropped further (Fig. 2, Table I ). The distribution of loaded mitochondria in the axonal and in the dendritic compartment differed strongly, Dendritic EDD-loaded mitochondria were concentrated in a narrow band. This band run parallel to str.pyr, at a distance of 280 350 #m and stretched across the area investigated (Fig. 2) encountered in slices displaying LTP, followed by APV-treated material, whereas in low-frequency-stimulated material only few EDD-loaded mitochondria were found. In contrast, axonal EDD-loaded mitochondria were spread diffusely over the whole depth of str.rad. Their number showed a similar dependance on the experimental conditions as was found for the dendritic compartment. (Table I, Fig. 2) . Mitochondria possess the capability to regulate the free cytoplasmic calcium concentration by storing excess ions in bound form [1 1]. We interprete the observed increase of loaded mitochondria as the result of an excessive influx of calcium, due to high frequency stimulation. The postsynaptic aggregation of loaded mitochondria points to spatially restricted changes of the internal Ca-concentration [5] . The largest numbers of loaded mitochondria were counted after successful induction of LTP. It is tempting to interpret this finding as a consequence of a strong local Ca-influx following the opening of NMDA dependent Ca-channels, as proposed by Collingridge et al. [3, 4] . The treatment with a selective NMDA antagonist which suppressed the induction of LTP, led to a reduction of the Ca accumulation, but it was clearly elevated if compared with the results from control material. The most obvious interpretation is an influx of calcium ions through other route(s) which, alone, are not sufficient to induce LTP. Our conclusion that a local increase of the intracellular Ca-concentration is not sufficient to induce LTP is supported by fluorometric measurements of calcium kinetics in hippocampal slices [9] and in isolated CA I pyramidal neurones [5] . The local redistribution of differently bound calcium cannot be excluded, but seems unlikely considering the above mentioned reports. The overall localization of calcium loaded mitochondria in the presynaptic compartment can be explained by the course of axons [8] . The dependance of their number on the experimental procedure, however, might be caused by postsynaptic 'trophic' effects on presynaptic elements [7] , possibly transmitted by poorly understood secretion/diffusion mechanisms. L.S. and A.M. were supported by the Max-Planck-Society and by the Alexander von Humboldt Foundation, respectively. The authors wish to thank Ms S. Lausmann and Ms E. Nicksch for their skilful technical assistance. The authors are greatly indebted to Dr R. Bauer, ZEISS Application Laboratory, Oberkochen, for performing the ESI and EELS measurements. 
